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Abstract 
This paper focuses on a new intelligent concept mapping tool that has been created in order to diagnose and treat students’ 
misconceptions. This tool enables the teacher to: (a) create a detailed digital concept map of the learning concept in question, (b) 
create a closed-ended interactive questionnaire attached to each node of the aforementioned concept map to evaluate students’ 
knowledge about each specific sub-concept, (c) diagnose the misconceptions of each student and the class as a whole (d) attach 
appropriate learning materials for the learning of each sub-concept, and (e) automatically assign appropriate learning materials to 
each student, based on the automatic diagnosis of her/his misconceptions. An example of the use of said intelligent concept 
mapping tool is also given. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of WCES 2014. 
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1. Introduction 
 
When instructions are designed to deal with specific difficulties revealed in students' prior knowledge, their 
performance seemed to be improved (Savinainen & Scott, 2002; Tselios, Avouris and Kordaki, 2002; Kordaki, 
2010) and they are more likely to stretch themselves intellectually (Bell, 2005). Thus, it is important to investigate 
and assess students’ prior knowledge, as systematic exposure of students to mistakes and misconceptions makes 
teaching and conceptual change more effective (Swan, 2005; Apostolopoulou &  Klonari, 2011). The idea of 
conceptual change was proposed by educational researchers to resolve students’ misconceptions (Strike & Posner, 
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1992; von Glasersfeld, 1999; Roschelle, 1995). Chi (2005) proposed two ways to change robust misconceptions: If 
students have well-established schemata, then they must replace these with new ones; if no previous schemata exist, 
then students must construct schemata. To this end, researchers have studied the impact that concept maps have on 
students’ conceptual understanding in classrooms (Roletto, Regis, & Albertazzi, 1996; Roth & Roychoudhury, 
1993; Wilson, 1994; Novak 2010). Their studies have revealed that concept maps can be a powerful tool in 
accomplishing conceptual change and help students restructure and represent what they know (Novak, 2010). The 
use of concept maps as a teaching strategy was first developed by J. D. Novak and was derived from Ausubel's 
(1963) learning theory which places central emphasis on the influence of students' prior knowledge on subsequent 
meaningful learning. Concept maps have shown good results in enabling students’ to learn in classrooms (Markow 
& Lonning, 1998) and have been used as instructional tools  since they enhance students metacognitive skills 
(Novak, 1990) and reveal the extent of reorganization of a students’ knowledge structure (Borda, Burgess, Plog, 
DeKalb & Luce, 2009). Moreover, research findings have suggested that human brains organize information in a 
hierarchical mode, so learning strategies such as concept maps, which mimic this hierarchical organization, improve 
students’ intellectual abilities (Bransford, Brown, & Cocking, 1999). In concept maps, the more general and 
inclusive concepts are located at the top of the map, with the more concrete and specific ones at the bottom. 
According to Novak and Canas (2008), concept maps work both as diagnostic tools to assess students’ knowledge 
prior to instruction and as assessment tools to measure students’ conceptual change post instruction. Due to their 
power in promoting meaningful learning, concept maps have been utilized in intelligent tutoring systems. In Betty’s 
Brain (Biswas et al 2005; Leelawong, & Biswas, 2008) students created the domain knowledge of a computer agent 
through concept maps. Subsequently, Betty's responses to students’ questions followed the logical path through the 
student-created concept map. Another intelligent concept map environment (Chang, Sung &  Chen, 2001) gave an 
incomplete framework of a concept map with some nodes and links left as blanks for the students to fill in, either 
aided or unaided by the environment. Furthermore, COMPASS (Gouli, Gogoulou, Alexoupoulos & Grigoriadou, 
2005) identified several categories of students’ errors by performing quantitative and qualitative analysis of a 
student’s concept map. Moreover, in IKAS (Naumeca & Grundspenkis, 2010) the teacher divided a course into 
several stages. For each stage, a concept map was created by the teacher which was then compared with the relevant 
student’s concept map and appropriate feedback was subsequently generated. In Verified Concept Mapper 
(Cimolino, Kay, & Miller, 2003), the learner model was built by analysis of the concept map created, and in RFA 
(Conlon, 2006) scores and hints were generated from student maps by comparing them to an expert concept map. 
Despite the above, an intelligent concept mapping tool designed to assess students’ knowledge about each sub-
concept reflected on its nodes through the asking of appropriate questions and providing personalized feedback has 
not yet been reported. This is the contribution of this paper. Thus, in this paper we will describe an intelligent 
concept mapping tool that has been created in order to diagnose and treat students’ misconceptions. The paper is 
organized as follows. Section 2 features an overview of the system and Section 3 features an example of its use. 
Summary and directions of future work are presented at the end of the paper. 
 
2. System Overview 
 
The intelligent concept mapping tool that has been created has two separate modes: the teacher mode and the 
student mode.  
 
2.1 Teacher Mode 
 
In the teacher mode, the teacher can initially create the accounts of his students and assign students to classes. 
Subsequently, the teacher can create a detailed digital concept map of the learning subject to be taught. In fact, the 
teacher should give a title to the concept map – that is, the main concept in question - and then create nodes for each 
sub-concept of said concept. In order to complete the concept map, the teacher has to connect the nodes together 
with the appropriate sockets on the top of each node. In each node of the digital map, there are three options, 
namely:  
(a) Disconnect all, with which the teacher can delete all links of the node,  
(b) Delete node, with which the teacher can delete the node, and  
(c) Insert Questions: The environment enables the teacher to import questions that will assess the knowledge of 
the students for every sub-node of the concept map. Specifically, the teacher can create a closed-ended interactive 
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questionnaire attached to each node of the concept map. Each close-ended question can have 2-4 possible answers, 
of which one or more should be correct.  
 
Once the concept map and the questionnaire are complete, the teacher can publish the concept map for the class 
or classes of his choice in order to assess their knowledge and detect their misconceptions. It should be noted, 
however, that once a concept map has been published, it is not editable, for validity reasons, although the teacher 
can create a clone of any concept map created, which she/he can then edit and modify. The clone function even 
works for published maps, allowing the flexibility of a published concept map to be extended either in terms of sub-
nodes or in the questions attached to the nodes. The teacher also has, at any moment, a picture of the progress of the 
whole class. He can be informed as to how many students have completed the questionnaire and what their overall 
score is. Moreover, he can view both a personalized version of the concept map, displaying each individual student’s 
knowledge based on the answers they have given in the aforementioned questionnaire, and a whole class version 
with statistical data in each of its nodes. The whole class version includes the mean values for every sub-node. The 
nodes of the concept map are colour-coded according to the score of the student (0-49%: red, 50-79%: green and 80-
100%: blue). Thus, the teacher is aided in the rapid diagnosis of the misconceptions of each individual student and 
also the misconceptions of the class as a whole. Finally, the teacher can attach appropriate learning materials (e.g. 
tutorials, videos, digital stories, etc.) for the learning of each sub-concept displayed in each node of the concept map.  
2.2 Student Mode 
In the student mode, each student in a class can view the concept map that has been published by her/his teacher 
and then answer the closed-ended questionnaire that is attached to it. The questionnaire can be answered only once 
by each student because, at this point, the aim of the system is simply to investigate the students’ prior knowledge. 
As the student answers all the questions, the system provides feedback where the student can see his total score as 
well as his score for each sub-concept of the concept map in a personalized version of the concept map enriched 
with statistical data in each of its nodes. Moreover, the system provides the correct answers for the questions that 
have been wrongly answered. Finally, the system automatically assigns the learning materials that the teacher has 
created for the learning of each sub-concept to each student based on the diagnosis of her/his misconceptions. 
 
3. Example 
 
In this section, a simple example of the use of the proposed intelligent concept mapping tool for the diagnosis of 
student misconceptions about the concept of ‘Algorithms’ in Computer Science is presented. First of all, a concept 
map with the title "Algorithm Properties" has been created. It comprises the node "Algorithm" which has five sub-
nodes which are the basic properties of an algorithm, namely: (i) Input: An algorithm must have one or more pre-
specified input(s), (ii) Output: An algorithm must have one or more output(s), (iii) Definiteness: Each step of an 
algorithm must be precisely defined, (iv) Finiteness: An algorithm must terminate after a finite number of steps. (v) 
Effectiveness: The operations of an algorithm have to be basic enough to be able to be done exactly and in a finite 
length of time. Moreover, close-ended questions for all the sub-concepts included in the aforementioned concept 
map were created. Furthermore, personalized feedback was prepared to be given to a student when he has answered 
the questionnaire created by his teacher. The nodes of the aforementioned concept map become colored according to 
the score of the student in every node sub-concept. (e.g. node "Algorithm" became blue since the score of the 
student is 75%, while the node "Finiteness" became green since the score is 50% and node "Input" became red since 
the score is 0%). Finally, the system shows the student the correct and wrong answers for the questions that have 
been answered. In the case of wrong answers, the correct answer is provided. As a result, the system automatically 
assigns to the student the learning materials that the teacher has created for the learning sub-concept "Input" in 
which the student seems to have the most misconceptions and the learning material for the nodes "Finiteness" and 
"Effectiveness" in which the student also has some misconceptions. 
      
4. Summary and future work directions 
 
In this paper, a new intelligent concept mapping tool for the diagnosis and treatment of student misconceptions 
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has been presented. Initially, the tool has the capability to diagnose the misconceptions that students have. This is 
achieved through the creation, by the teacher, of a concept map in which every sub-node represents a separate 
concept that she/he wants to be taught. In every sub-node, a questionnaire is attached that investigates and assesses 
students’ knowledge about the aforementioned sub-concepts. Subsequently, as a result of the students’ answers to 
the questionnaire, the tool displays the results to each individual student and to the teacher and assigns learning 
materials - created by the teacher for the learning of each sub-concept - to each student based on her/his 
misconceptions. Our future work is to examine the effectiveness of this tool in detecting students’ misconceptions 
through a real, empirical experiment.  
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